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1
ELECTRO-OPTICAL DEVICE HAVING
PIXEL CIRCUIT AND DRIVING CIRCUIT,
DRIVING METHOD OF ELECTRO-OPTICAL
DEVICE AND ELECTRONIC APPARATUS

BACKGROUND

1. Technical Field

The disclosed embodiments of the present invention relate
to an electro-optical device, a driving method of an electro-
optical device and an electronic apparatus effective when
miniaturizing a pixel circuit, for example.

2. Related Art

In recent years, various kinds of electro-optical devices
using light emitting elements such as organic light-emitting
diode (Organic Light Emitting Diode, hereinafter referred to
as “OLED”) elements have been proposed. In such electro-
optical devices, generally, a pixel circuit corresponding to the
intersections of scanning lines and data lines and including
the above-described light emitting elements or transistors is
configured so as to be provided to correspond to pixels in an
image to be displayed. In such a configuration, when a data
signal of a potential corresponding to the gradation level of
pixels is applied to the gate of the transistor, the transistor
supplies a current corresponding to the voltage between the
gate and the source to the light emitting element. In this
manner, the light emitting element emits light with a lumi-
nance corresponding to the gradation level. At this time, when
the characteristics such as the threshold voltage of the tran-
sistor are varied in each pixel circuit, display nonuniformity
impairing the uniformity of the display screen is generated.
For this reason, a technique of compensating for the charac-
teristics of the transistor has been proposed (for example,
refer to JP-A-2007-316462).

Further, with respect to the electro-optical devices, there is
often a demand for miniaturization of the display size or an
increase in the high definition of the display. Since it is nec-
essary to miniaturize the pixel circuit in order to achieve both
miniaturization of the display size and an increase in the high
definition of the display, for example, a technique of provid-
ing the electro-optical device with a silicon integrated circuit
has also been proposed (for example, refer to JP-A-2009-
288435).

Here, in the miniaturization of the pixel circuit, it is nec-
essary to control the current supplied to the light-emitting
element in a micro region. The current supplied to the light-
emitting element is controlled according to the voltage
between the gate and the source of the transistor; however, in
the micro region, the current supplied to the light-emitting
element is greatly changed with respect to slight changes in
the voltage between the gate and the source.

Meanwhile, the driving capability of the circuit outputting
the data signal is increased in order to charge the data lines in
a short time. In a circuit having a high driving capability in
this manner, it is difficult to output the data signal with
extremely fine precision.

SUMMARY

An advantage of some aspects of the invention is that it
provides an electro-optical device, a driving method of an
electro-optical device and an electronic apparatus capable of
supplying the current supplied to a light emitting element
with high precision while compensating for the characteris-
tics of the transistor without a need for a data signal with fine
precision.

25

35

40

45

60

2

According to an aspect of the invention, there is provided
an electro-optical device, including: a plurality of scanning
lines; a plurality of data lines; a first storage capacitor of
which one end is connected to the data lines; a second storage
capacitor respectively holding various potentials of the plu-
rality of data lines; a pixel circuit provided so as to correspond
to intersections of the plurality of scanning lines and the
plurality of data lines; and a driving circuit driving the pixel
circuit, in which the pixel circuit includes a first transistor
supplying current according to a voltage between a gate and a
source, a light emitting element emitting light with a lumi-
nance corresponding to current supplied by the first transistor,
a second transistor which is turned on or off between the data
lines and the gate of the first transistor, and a third transistor
which is turned on or off between the gate and the drain of the
first transistor, in which the first transistor and the light emit-
ting element are connected in series between a power source
of a high-order side and a power source of a low-order side,
and in which the driving circuit electrically connects the data
lines and a first feed line feeding an initial potential and
electrically connects another end of the first storage capacitor
and a second feed line feeding a predetermined potential in a
first period, sets the data lines and the first feed line as elec-
trically unconnected in a second period continuing on from
the first period, turns on the second transistor and the third
transistor in a state where the connection of the other end of
the first storage capacitor and the second feed line is main-
tained, sets the other end of the first storage capacitor and the
second feed line as electrically unconnected and supplies a
signal of a potential corresponding to the luminance to the
other end of the first storage capacitor in a third period con-
tinuing on from the second period, and turns off the second
transistor after the third period.

According to another aspect of the invention, in the first
period, the data lines, the first storage capacitor, and the
second storage capacitor are initialized. In the second period,
when the second transistor and the third transistor are respec-
tively turned on, the data lines and the gate of the first tran-
sistor become a potential corresponding to the threshold volt-
age of the first transistor. In the third period, when a signal of
a potential corresponding to the luminance is supplied to the
other end of the first storage capacitor in a state where the
second transistor is turned on, the data lines and the gate of the
first transistor are shifted from the potential according to the
threshold voltage by an amount by which the potential varia-
tion in the other end of the first storage capacitor is voltage-
divided by the capacitance ratio. As a result, the potential
range in the gate of the first transistor can be narrowed with
respect to the potential range in the other end of the first
storage capacitor. For this reason, according to another aspect
of'the invention, it is possible to accurately supply the current
supplied to the light emitting element while compensating for
the characteristics of the transistor without the need for a data
signal of fine precision.

In an embodiment of the present invention, it is preferable
that a third storage capacitor corresponding to the data lines
be included and that the driving circuit is configured to tem-
porarily hold the data signal of the potential according to the
gradation level supplied before the third period and to supply
the potential held in the third storage capacitor to the other
end of the first storage capacitor as the signal of a potential
corresponding to the luminance in a third period.

As such a configuration, a preferable aspect has a first
switch and a second switch corresponding to the third storage
capacitor, in which the output end of the first switch is con-
nected to the other end of the first storage capacitor, the input
end of the first switch is connected to one end of the third
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storage capacitor and the output end of the second switch, the
data signal is supplied to the input end of the second switch
before the third period, the driving circuit turns on the second
switch in a state where the first switch is turned off before the
third period and turns on the first switch in a state where the
second switch is turned on in the third period.

In this aspect, in at least the first period or the second
period, when the data signal is supplied to the input end of the
second switch it is possible to simultaneously perform the
supply of the data signal and an operation setting the potential
according to the threshold voltage of the first transistor at the
gate.

Further, in this aspect, the data lines are grouped every
plurality of lines and the input end of the second switch
corresponding to the data lines of the plurality oflines belong-
ing to one group is connected in common thereto and the
driving circuit may turn on the plurality of second switches
belonging to one group in a predetermined order to match the
supply of the data signal.

In an embodiment of the present invention, the pixel circuit
may be configured to include a fourth transistor, which is
turned on or off between a terminal of the first transistor side
among two terminals in the light emitting element and a third
feed line feeding a predetermined reset potential. According
to this configuration, it is possible to suppress the influence of
the holding voltage of the capacitance having a parasitic
effect on the light emitting element.

In this configuration, there may be an aspect in which the
third feed lines are provided in plural along the data lines for
each of the plurality of data lines.

Inthis aspect, when a configuration is adopted in which one
end of the second storage capacitor is connected to the data
lines, the other end of the second storage capacitor is con-
nected to the third feed lines, for example, when the second
storage capacitor is configured by interposing an insulating
layer between the data line and the third feed line, it is pos-
sible to form a comparatively large capacitance in a small
space as the second storage capacitor.

The driving circuit may be configured to turn off the third
transistor in the third period.

Further, the pixel circuit may have a fifth transistor which
turns on and off in the route of the current supplied to the light
emitting element by the first transistor and the driving circuit
may turn off the fourth transistor and turn on the fifth transis-
tor. In this manner, it is possible to set the period in which the
capacitance having a parasitic effect on the light emitting
element is reset and the period in which current is supplied to
the light emitting element and light is emitted to be exclusive.

The pixel circuit may include a fourth storage capacitor
holding the voltage between the gate and the source of the first
transistor. This fourth storage capacitor may be a parasitic
capacitance of the first transistor, or may be a capacitive
element provided separately.

Here, as well as the electro-optical device, an embodiment
of present the invention can also be conceptualized as a driv-
ing method of an electro-optical device or an electronic appa-
ratus having the electro-optical device. As the electronic
apparatus, typically, a display apparatus such as a head-
mounted display (HMD), an electronic view finder, or the like
may be exemplified.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, aspects and
advantages of the invention will be described with reference
to the accompanying drawings, wherein like numbers refer-
ence like elements.
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FIG. 1 is a perspective view illustrating a configuration of
an electro-optical device according to a first embodiment of
the invention.

FIG. 2 is a diagram showing a configuration of the electro-
optical device.

FIG. 3 is a diagram showing a pixel circuit of the electro-
optical device.

FIG. 41is a timing chart showing an operation of the electro-
optical device.

FIG. 5 is an explanatory diagram of an operation of the
electro-optical device.

FIG. 6 is an explanatory diagram of an operation of the
electro-optical device.

FIG. 7 is an explanatory diagram of an operation of the
electro-optical device.

FIG. 8 is an explanatory diagram of an operation of the
electro-optical device.

FIG. 9 is a diagram showing amplitude compression of a
data signal in the electro-optical device.

FIG. 10 is a diagram showing the characteristics of a tran-
sistor in the electro-optical device.

FIG. 11 is a diagram showing a configuration of an electro-
optical device according to a second embodiment.

FIG. 12 is a timing chart showing an operation of the
electro-optical device.

FIG. 13 is an explanatory diagram of an operation of the
electro-optical device.

FIG. 14 is an explanatory diagram of an operation of the
electro-optical device.

FIG. 15 is an explanatory diagram of an operation of the
electro-optical device.

FIG. 16 is an explanatory diagram of an operation of the
electro-optical device.

FIG. 17 is a perspective view showing an HMD using the
electro-optical device according to the embodiments and the
like.

FIG. 18 is a diagram showing the HMD optical configura-
tion.

DETAILED DESCRIPTION OF EMBODIMENTS

Below, aspects for embodying the disclosed embodiments
of'the present invention will be described with reference to the
drawings.

First Embodiment

FIG. 1 is a perspective view showing a configuration of an
electro-optical device 10 according to an embodiment of the
invention.

The electro-optical device 10 is a micro display displaying
animage in a head mounted display, for example. The electro-
optical device 10 will be described in detail below; however,
it is an organic EL apparatus in which a plurality of pixel
circuits, driving circuits driving the pixel circuits, and the like
are, for example, formed on a silicon substrate, and in which
an OLED which is an example of a light emitting element is
used in the pixel circuits.

As well as being accommodated in a frame-shaped case 72
opening at a display unit, the electro-optical device 10 is
connected to one end of a FPC (Flexible Printed Circuit)
substrate 74. In the FPC substrate 74, a control circuit 5 of a
semiconductor chip is mounted using a COF (Chip On Film)
technique and a plurality of terminals 76 are provided and
connected to a higher circuit omitted from the drawings.
Image data is synchronized with a synchronization signal and
supplied via the plurality of terminals 76 from the higher
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circuit. The synchronization signal includes a vertical syn-
chronization signal, a horizontal synchronization signal, and
a dot clock signal. In addition, the image data regulates the
gradation level of the pixels of the image to be displayed, for
example, using 8 bits.

The control circuit 5 combines the functions of a power
circuit of the electro-optical device 10 and a data signal output
circuit. That is, the control circuit 5 supplies various types of
control signals generated according to the synchronization
signal and various types of potential to the electro-optical
device 10, and converts the digital image data into an analog
data signal to be supplied to the electro-optical device 10.

FIG. 2 is a diagram showing a configuration of an electro-
optical device 10 according to the first embodiment. As
shown in the diagram, the electro-optical device 10 is divided
into a scanning line driving circuit 20, a demultiplexer 30, a
level shift circuit 40, and a display unit 100.

Among these, in the display unit 100, pixel circuits 110
corresponding to pixels of the image to be displayed are
arranged in a matrix form. In detail, in the display unit 100,
scanning lines 12 of m rows are provided to extend in the
horizontal direction in the diagram, and, furthermore, data
lines 14 of (3n) columns grouped in sets of three are provided
to extend in the vertical direction in the diagram and preserve
the mutual electrical insulation with each scanning line 12.
Here, the pixel circuits 110 are provided corresponding to
intersection portions of m rows of scanning lines 12 and (3n)
columns of data lines 14. For this reason, the pixel circuits 110
in the present embodiment are arranged in a matrix form with
m rows vertically and (3n) columns horizontally.

Here, m and n are both natural numbers. In the matrix of the
scanning lines 12 and the pixel circuit 110, in order to distin-
guish between the rows, the rows have been numbered 1, 2,
3,..., (m-1), and m in order from the top in the diagram. In
the same manner, in order to distinguish between the columns
of'the matrix of the data lines 14 and the pixel circuits 110, the
columns have been numbered 1, 2, 3, ..., (3n-1), and (3n) in
order from the left in the diagram. In addition, when an
integer j of 1 or more and n or less is used in order to gener-
alize and describe a group of the data lines 14, the (3j-2)th
column, the (3j-1)th column, and the (3j)th column of the
data lines 14 belong to the jth group counting from the left.

Here, three pixel circuits 110 corresponding to intersec-
tions of scanning lines 12 of the same row and three columns
of data lines 14 belonging to the same group correspond to
pixels of R (red), G (green), and B (blue) respectively and
these three pixels represent one dot of a color image to be
displayed. That is, the present embodiment has a configura-
tion in which colors of one dot are represented by adding and
mixing colors according to the light emission of OLEDs
corresponding to RGB.

In the present embodiment, feed lines 16 (third feed lines)
are respectively provided along the data lines 14 in each
column. A potential Vorst as a reset potential is fed in common
to each feed line 16. Further, a storage capacitor 50 is pro-
vided at each column. In detail, one end of the storage capaci-
tor is connected to the data line 14 and the other end is
connected to the feed line 16. For this reason, the storage
capacitor 50 functions as a second storage capacitor holding
the potential of the data line 14.

Here, the storage capacitor 50 is preferably configured to
be formed by interposing an insulating layer (dielectric layer)
between the wiring configuring the data lines 14 and the
wiring configuring the feed lines 16.

Further, the storage capacitor 50 is provided on the outside
of the display unit 100 in FIG. 2; however, this is only an
equivalent circuit and the storage capacitor may obviously be
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provided in the inside of the display unit 100 or from the
inside to the outside thereof. Further, although omitted in
FIG. 2, the capacitance of the storage capacitor 50 is set to
Cdt.

Here, in the electro-optical device 10, the following kind of
control signal is supplied by the control circuit 5. In detail, in
the electro-optical device 10, a control signal Ctr for control-
ling the scanning line driving circuit 20, control signals Sel
(1), Sel(2), and Sel(3) for controlling the selection with the
demultiplexer 30, control signals /Sel(1), /Sel(2), and /Sel(3)
in a logic inversion relationship with respect to these signals,
a negative logic control signal /Gini, and a positive logic
control signal /Gref for controlling the level shift circuit 40,
are supplied. Here, in practice, the control signal Ctr includes
aplurality of signals such as a pulse signal, a clock signal, and
an enable signal.

Further, in the electro-optical device 10, data signals Vd(1),
VdQ2), . . ., Vd(n) matching the selection timing of the
demultiplexer 30 are supplied by the control circuit 5 to
correspond to groups numbered 1, 2, . .., n. Here, the highest
value of the potential obtainable by the data signals Vd(1) to
Vd(n) is set as Vmax and the lowest value is set to Vmin.

The scanning line driving circuit 20 generates scanning
signals for scanning the scanning lines 12 one row at a time in
order over a frame period in accordance with the control
signal Ctr. Here, the scanning signals supplied to the scanning
lines 12 0f1,2,3,...,(m-1), m rows are respectively denoted
as Gwr(1), Gwr(2), Gwr(3), . . ., Gwr(m-1), and Gwr(m).

In addition, apart from the scanning signals Gwr(1) to
Gwr(m), the scanning line driving circuit 20 generates vari-
ous types of control signals synchronized with the scanning
signals for each row and performs supply thereof to the dis-
play unit 100; however, such illustration is omitted in FIG. 2.
Further, the frame period refers to a period necessary for the
electro-optical device 10 to display one cut (frame) part of an
image, for example, if the frequency of the vertical synchro-
nization signal included in the synchronization signal is 120
Hz, the period is 8.3 milliseconds which is the duration of one
cycle.

The demultiplexer 30 is an assembly of transmission gates
34 provided at each column and supplies data signals in order
to the three columns configuring each group.

Here, the input ends of the transmission gate 34 corre-
sponding to columns (3j-2), (3j-1), and 3(j) belonging to the
j-numbered groups are mutually connected in common and
respective data signals Vd(j) are supplied to the common
terminals.

The transmission gate 34 provided at column (3j-2) at the
left end column in the j-numbered groups is turned on (con-
ducts) when the control signal Sel(1) is the H level (when the
control signal /Sel(1) is the L level). Similarly, the transmis-
sion gate 34 provided at column (3j-1) at the center column in
the j-numbered groups is turned on when the control signal
Sel(2) is the H level (when the control signal /Sel(2) is the L.
level), and the transmission gate 34 provided at column (3j) at
the right end column in the j-numbered groups is turned on
when the control signal Sel(3) is the H level (when the control
signal /Sel(3) is the L level).

The level shift circuit 40 has a set of a storage capacitor 44,
a P-channel MOS-type transistor 45 and an N-channel MOS-
type transistor 43 for each column, and shifts the potential of
the data signal output from the output end of the transmission
gate 34 of each column. Here, one end of the storage capacitor
44 is connected to a data line 14 of a corresponding column
and a drain node of a transistor 45 while the other end of the
storage capacitor 44 is connected to the output end of the
transmission gate 34 and the drain node of the transistor 43.
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For this reason, the storage capacitor 44 functions as a first
storage capacitor in which one end is connected to the data
line 14. Although omitted from FIG. 2, the capacitance of the
storage capacitor 44 is set as Crfl.

The source nodes of the transistors 45 of each column are
mutually connected across each column to the feed line 61
feeding a potential Vini as an initialization potential and the
control signal /Gini is supplied in common across each col-
umn to the gate nodes. For this reason, the transistor 45 is
configured such that the data line 14 and the feed line 61 are
electrically connected when the control signal /Gini is the L
level and electrically unconnected when the control signal
/Gini is the H level.

Further, the source nodes of the transistors 43 of each
column are mutually connected across each column to the
feed line 62 feeding a potential Vref as a predetermined
potential and the control signal Gref is supplied in common
across each column to the gate nodes. For this reason, the
transistor 43 is configured such that the node h which is the
other end of the storage capacitor 44 and the feed line 62 are
electrically connected when the control signal Gref is the H
level and electrically unconnected when the control signal
Gref'is the L level.

In the present embodiment, the scanning line driving cir-
cuit 20, the demultiplexer 30, and the level shift circuit 40 are
divided according to convenience; however, these can be
conceived together as a driving circuit driving the pixel circuit
110.

The pixel circuit 110 will be described with reference to
FIG. 3. Since each pixel circuit 110 has the same configura-
tion as the others in electrical terms, here, description will be
given taking the pixel circuit 110 of the i-th row (3j-2) col-
umn positioned at the (3j-2)th column of the left end side in
the j-numbered group in the i-th row as an example.

Here, i is a sign used in a case to generally show a row in
which the pixel circuit 110 is arranged, and is an integer of
one or more and m or less.

As shown in FIG. 3, the pixel circuit 110 includes P-chan-
nel MOS-type transistors 121 to 125, an OLEO 130 and a
storage capacitor 132. The scanning signal Gwr(i) and the
control signals Gel(i), Gemp(i), and Gorst(i) are supplied to
the pixel circuit 110. Here, the scanning signal Gwr(i) and the
control signals Gel(i), Gemp(i), and Gorst(i) are supplied by
the scanning line driving circuit 20 in correspondence with
the respective i-th rows. For this reason, in the case of an i-th
row, the scanning signal Gwr(i) and the control signals Gel(i),
Gemp(i), and Gorst(i) are also supplied in common to the
pixel circuits of other columns other than column (3j-2)
being focused on.

In the transistor 122 in the pixel circuit 110 of the i-th row,
(3j-2)th column, the gate node is connected to the scanning
line 12 of the i-th row, one of the drain or source node is
connected to the data line 14 of the (3j-2)th column, and the
other is respectively connected to the gate node g in the
transistor 121, one end of the storage capacitor 132, and the
drain node of the transistor 123. Here, the gate node of tran-
sistor 121 is denoted as g so as to be distinguished from other
nodes.

In the transistor 121, the source node is connected to the
feed line 116 and the drain nodes are respectively connected
to the source node of the transistor 123 and the source node of
the transistor 124. Here, the potential Vel which is the high-
order side of the power source in the pixel circuit 110 is fed to
the feeding line 116.

In the transistor 123, the control signal Gemp(i) is supplied
to the gate node.
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Inthe transistor 124, the control signal Gel(i) is supplied to
the gate node and the drain nodes are respectively connected
to the source node of the transistor 125 and the anode of the
OLED 130.

In the transistor 125, the control signal Gorst(i) corre-
sponding to the i-th row is supplied to the gate node and the
drain node is connected to the feed line 16 corresponding to
the (3j-2)th column and preserved at the potential Vorst.

Here, the transistor 121 is equivalent to a first transistor, the
transistor 122 is equivalent to a second transistor, and the
transistor 123 is equivalent to a third transistor. Further, the
transistor 125 is equivalent to a fourth transistor, and the
transistor 124 is equivalent to a fifth transistor.

The other end of the storage capacitor 132 is connected to
the feed line 116. For this reason, the storage capacitor 132
holds the voltage between the source and drain of the transis-
tor 121. Here, when the capacitance of the storage capacitor
132 is denoted as Cpix, the capacitance Cdt of the storage
capacitor 50, the capacitance Crfl of the storage capacitor 44,
and the capacitance Cpix of the storage capacitor 132 are set
so that:

Cdt>Crf1<<Cpix

That is, Cdt is greater than Crfl, and Cpix is set to be
sufficiently smaller than Cdt and Crfl.

Here, as the storage capacitor 132, a capacitance which is
parasitic to the gate node g of the transistor 121 may be used,
and a capacitance formed by interposing an insulating layer
with mutually different conductive layers in a silicon sub-
strate may be used.

Since the electro-optical device 10 in the present embodi-
ment is formed on silicon substrate, the substrate potential of
the transistors 121 to 125 is set as the potential Vel.

The anode of the OLED 130 is a pixel electrode provided
individually for each pixel circuit 110. In contrast, the cath-
ode of the OLED 130 is a common electrode 118 which is
common across all of the pixel circuits 110, and is preserved
at a potential Vct which is a low-order side of the power
source in the pixel circuits 110.

The OLED 130 is an element interposing a white organic
EL layer between the anode and the cathode having a light-
permeable characteristic in the above-described silicon sub-
strate. Then, a color filter corresponding to any one of RGB is
superimposed on the output side (cathode side) of the OLED
130.

In such an OLED 130, when a current flows from the anode
to the cathode, holes injected from the anode and electrons
injected from the cathode are recombined in the organic EL.
layer to generate excitons, whereby white light is generated.
A configuration is adopted in which the white light generated
at this time is transmitted through the cathode on the opposite
side to the silicon substrate (anode) colored using the color
filter, and made visible on the observer side.

Operation of First Embodiment

The operation of the electro-optical device 10 will be
described with reference to FIG. 4. FIG. 4 is a timing chart for
illustrating the operation of each part in the electro-optical
device 10.

As shown in the drawings, the scanning signals Gwr(1) to
Gwr(m) are sequentially switched to the L level and the scan
lines 12 of rows 1 to m are scanned in order for each horizon-
tal scanning period (H) in a period of one frame.

The operation in one horizontal scanning period (H) is
common across the pixel circuits 110 of each row. Here,
below, in the scanning period in which the i-th rows are
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horizontally scanned, description will be given of the opera-
tion with particular focus on the pixel circuit 110 of the i-th
row, (3j—2)th column.

In the present embodiment, to make broad classifications,
the scan period of the i-th row is divided into the initialization
period shown by (b) in FIG. 4, the compensation period
shown by (c¢), and the writing period shown by (d). Here, after
the writing period (d), there is an interval before entering the
light emitting period shown by (a), which leads to the scan-
ning period of the i-th row again after the one frame period has
elapsed. For this reason, with regard to the chronological
order, the cycle of (light emitting period)—initialization
period—compensation period—writing period—(light emit-
ting period) is repeated.

Here, in FIG. 4, each of the scan signal Gwr(i-1) and the
control signals Gel(i-1), Gemp(i-1), and Gorst(i-1) corre-
sponding to the (i-1) row one row before the i-th row is a
waveform chronologically preceding the scan signal Gwr(i)
and the control signals Gel(i), Gemp(i), and Gorst(i) corre-
sponding to the i-th row by the time of one horizontal scan-
ning period (H) respectively.

Light Emitting Period

For convenience of explanation, description will be given
from the light emitting period which is a prerequisite for the
initialization period. As shown in FIG. 4, in the light emitting
period of the i-th row, the scan signal Gwr(i) is the H level and
the control signal Gel(i) is the L. level. In addition, among the
control signals Gel(i), Gemp(i), and Gorst(i), the control sig-
nal Gel(i) is L level, and the control signals Gemp(i) and
Gorst(i) are H level.

For this reason, in the pixel circuit 110 of the i-th row
(3j=2)th column as shown in FIG. 5, the transistor 124 is
turned on while the transistors 122, 123, and 125 are turned
off. Accordingly, the transistor 121 supplies the current Ids
according to the voltage Vgs between the gate and source to
the OLED 130. As will be described below, in the present
embodiment, the voltage Vgs in the light emitting period is a
value level-shifted from the threshold voltage of the transistor
121 according to the potential of the data signal. For this
reason, a current according to the gradation level will be
supplied to the OLED 130 in a state where the threshold
voltage of the transistor 121 is compensated.

Here, since the light emitting period of the i-th row is a
period in which horizontal scanning other than of the i-th row
is performed, the potential of the data line 14 changes appro-
priately. However, since the transistor 122 is turned off in the
i-th row of the pixel circuit 110, here, the potential change of
the data line 14 is not taken into consideration.

In addition, in FIG. 5, the route which is important in the
operation description is shown with a bold line (the same
applies in FIGS. 6 to 8, and FIGS. 13 to 16 below).
Initialization Period

Next, when the scanning period of the i-th row is reached,
first, the initialization period of (b) is started as the first
period. In the initialization period, in contrast to the light
emitting period, respective changes are made such that the
control signal Gel(i) becomes the H level and the control
signal Gorst(i) becomes the L level.

For this reason, in the pixel circuit 110 of the i-th row
(3j=2)th column as shown in FIG. 6, the transistor 124 is
turned off and the transistor 125 is turned on. In this manner,
the route of the current supplied to the OLED 130 is inter-
rupted and the anode of the OLED 130 is reset to the potential
Vorst.

Since the OLED 130 has a configuration in which an
organic layer EL is interposed between the above-described
anode and cathode, between the anode and the cathode, the
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capacitance Coled has a parasitic effect in parallel as shown
by the dashed line in the diagram. When the current was
flowing in the OLED 130 in the light emitting period, the
voltage of both ends between the anode and the cathode of the
OLED 130 is held by the capacitance Coled; however, the
holding voltage is reset by the turning on of the transistor 125.
For this reason, in the present embodiment, when the current
flows again in the OLED 130 in the next light emitting period,
influence due to the voltage held by the capacitance Coled is
less likely.

In detail, for example, when changed from a high-lumi-
nance display state to a low-luminance display state, when the
configuration in one which is not reset, since the high voltage
of the time when the luminance is high (a large current flow-
ing) is held, next, even though it is intended that a small
current be made to flow, an excessive current flows and it is
not possible to change to a low-luminance display state. In
contrast, in the present embodiment, since the potential of the
anode of OLED 130 is reset by the turning on of the transistor
125, the reproducibility of the low brightness side can be
improved.

Here, in the present embodiment, the potential Vorst is set
so that the difference of the potential Vorst and the potential
Vet of the common electrodes 118 falls below the light emit-
ting threshold voltage of the OLED 130. For this reason, in the
initialization period (compensation period and writing period
to be described later), the OLED 130 is in an off (non-light
emitting) state.

Meanwhile, since the control signal /Gini becomes the L
level and the control signal Gref becomes the H level in the
initialization period, in the level shift circuit 40, the transis-
tors 45 and 43 as shown in FIG. 6 are respectively turned on.
For this reason, the data line 14 which is one end of the storage
capacitor 44 and the node h which is the other end of the
storage capacitor 44 are respectively initialized at a potential
Vini and a potential Vref.

The potential Vini in the present embodiment is set so that
(Vel-Vini) becomes larger than the threshold voltage [ Vth| of
the transistor 121. In addition, since the transistor 121 is a
P-channel type, the threshold voltage Vth set with the poten-
tial of the source node as a reference is negative. Therefore, in
order to prevent confusion in the description of the high-low
relationship, the threshold voltage is represented by the abso-
lute value IVthl and regulated by magnitude correlation.

Further, the potential Vref in the present embodiment is set
to avalue such that the potential of the node h in the following
writing period is increased with respect to the potential
obtainable by the data signals Vd(1) to Vd(n), for example, so
as to become lower than the minimum value Vmin.
Compensation Period

The compensation period of (¢) as the second period is next
in the scanning period of the i-th row. In the compensation
period, in contrast to the initialization period, the scanning
signal Gwr(i) and the control signal Gemp(i) become the L
level. Meanwhile, in the compensation period, the control
signal /Gini becomes the H level in a state where the control
signal Gref is maintained at the H level.

For this reason, as shown in FIG. 7, in the level shift circuit
40, the node h is fixed at a potential Vref by the turning off of
the transistor 45 in the state where the transistor 43 is turned
on. Meanwhile, since the gate node g is electrically connected
to the data lines 14 by the turning on of the transistor 122 in
the pixel circuit 110 of the i-th row, (3j—2)th column, the gate
node g becomes the potential Vini at the initial start of the
compensation period.

Since the transistor 123 is turned on in the compensation
period, the transistor 121 becomes “diode-connected”. For
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this reason, the drain current flows through the transistor 121
to charge the gate node g and the data line 14. In detail, the
current flows in a path of the feed line 116—transistor
121—>transistor 123—transistor 122—data line 14 of (3j-2)
th column. For this reason, the data line 14 and the gate node
g mutually connected by the turning on of the transistor 121
are increased from the potential Vini.

However, since the current flowing through the above-
described route flows less easily as the gate node g becomes
closer to the potential (Vel-IVthl), the data line 14 and the
gate node g are saturated with the potential (Vel-IVthl) until
the compensation period is finished. Accordingly, the storage
capacitor 132 holds the threshold voltage | Vthl of the transis-
tor 121 until the compensation period is finished.

Writing Period

After the initialization period, the writing period of (d) is
reached as the third period. In the writing period, since the
control signal Gemp(i) is the H level when the compensation
period is finished, the control signal Gref becomes the L level
while the diode-connection of the transistor 121 is ended,
whereby the transistor 43 is turned off. For this reason, the
route leading up to the gate node g in the pixel circuit 110 of
the i-th row, (3j-2)th column from the data line 14 of the
(3j-2)th column is in a floating state; however, the potential in
the route is maintained at (Vel-[Vthl) by the holding capaci-
tors 50 and 132.

In the writing period of the i-th row, the control circuit 5
sequentially switches the data signal Vd(j) to the potential
according to the gradation level of the pixels of the i-th row,
(3j-2)th column, the i-th row, (3j—1)th column, and the i-th
row, (3j)th column in the j-numbered group. Meanwhile, the
control circuit 5 sequentially sets the control signals Sel(1),
Sel(2), and Sel(3) in order exclusively to the H level in com-
bination with the switching of the potential of the data signal.
In addition, although omitted in FIG. 4, the control circuit 5
performs output for the control signals /Sel(1), /Sel(2), and
/Sel(3), which have a logic inverted relationship with the
control signals Sel(1), Sel(2), and Sel(3). In this manner, in
the demultiplexer 30, the transmission gates 34 are turned on
in order of the left end column, the center column, and the
right end column respectively in each group.

Here, when the transmission gate 34 of the left end column
is turned on by the control signals Sel(1) and /Sel(1), as shown
in FIG. 8, the node h which is the other end of the storage
capacitor 44 is changed to the potential of the data signal
Vd(j) from the fixed potential Vref in the initialization period
and the compensation period, that is, to the potential accord-
ing to the gradation level of the pixels of the i-th row, (3j-2)th
column. The potential change amount of the node h at this
time is represented as AV, and the potential after the change as
(Vref+AV).

Meanwhile, since the gate node g is connected to one end
of the storage capacitor 44 through the data line 14, it
becomes a value (Vel-IVthi+k1-AV) shifted in an increasing
direction from the potential (Vel-IVthl) in the compensation
period by a value in which the capacitance ratio k1 is multi-
plied by the potential change amount AV of the node h. At this
time, when expressed as an absolute value by the voltage Vgs
of the transistor 121, it becomes a value (IVthl-k1-A) in
which the shift amount of the increase in the potential of the
gate node g is subtracted from the threshold voltage [Vthl.

In addition, the capacitance ratio k1 is Crfl/(Cdt+Crfl).
Strictly speaking, the capacitance Cpix of the storage capaci-
tor 132 must also be considered; however, since the capaci-
tance Cpix is set to be sufficiently small in comparison with
the capacitance Crfl and Cdt, it may be ignored.
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FIG. 9 is a diagram showing the relationship between the
potential of the data signal and the potential of the gate node
g in the writing period. The data signal supplied from the
control circuit 5 can obtain a potential range from the mini-
mum value Vmin to the maximum value Vmax according to
the gradation level of the pixels as described above. In the
present embodiment, the data signal is not written to the direct
gate node g, but level-shifted as shown in the diagram and
written to the gate node g.

At this time, the potential range AV gate of the gate node g
is compressed to a value obtained by multiplying the potential
range AV data (=Vmax-Vmin) of the data signal by the
capacitance ratio k1. For example, when the capacitance of
the holding capacitors 44 and 50 are set so that Crf1:Cdt=1:9,
the potential range AV gate of the gate node g can be com-
pressed to /10 of the potential range AV data of the data signal.

In addition, the extent to which the potential range AV gate
of'the gate node g is shifted in which direction with respect to
the potential range AV data of the data signal can be set using
the potential Vp (=Vel-IVthl) and Vref. This is because, when
the potential range AV data of the data signal is compressed
with the capacitance ratio k1 with the potential Vref as a
reference and, along with this, the compression range shifts
the potential Vp to the reference, the result is the potential
range AV gate of the gate node g.

In this manner, in the writing period of the i-th row, a
potential (Vel-1Vth|+K1-AV) shifted by an amount according
to the capacitance ratio k1 from the potential (Vel-IVthl) in
the compensation period to the potential change amount AV
of'the node h is written to the gate node g of the pixel circuit
110 of the i-th row.

After a short time, the scanning signal Gwr(i) becomes the
H level and the transistor 122 is turned off. In this manner, the
writing period is finished and the potential of the gate node g
is determined as the shifted value.

Light Emitting Period

After the writing period of the i-th row finishes, there is an
interval of one horizontal scanning period leading to the light
emitting period. In the light emitting period, since the control
signal Gel(i) becomes the L level as described above, in the
pixel circuit 110 of the i-th row, (3j-2)th column, the transis-
tor 124 is turned on. Since the voltage Vgs between the gate
and the source is (IVthl-k1 AV)), as shown previously in FIG.
5, a current according to the gradation level will be supplied
to the OLED 130 in a state where the threshold voltage of the
transistor 121 is compensated.

These kinds of operations are chronologically performed
in parallel even in other pixel circuits 110 of the i-th row other
than the pixel circuit 110 of the (3j-2)th column in the scan-
ning period of the i-th row. In addition, this operation of the
i-throw is performed in order ofthe 1,2, 3, ..., (m-1), m rows
in the period of one frame in practice and this is repeated for
each frame.

According to the present embodiment, since the potential
range AV gate in the gate node g is narrowed with respect to
the potential range AV data of the data signal, it is possible to
apply a voltage in which the gradation level between the gate
and source of the transistor 121 is reflected even without
cutting up the data signal with fine precision. For this reason,
even in a case where a micro current flowing to the OLED 130
with respect to the voltage Vgs between the gate and the
source of the transistor 121 in the miniaturized pixel circuit
110 is changed to a relatively large extent, it is possible to
control the current supplied to the OLED 130 with fine pre-
cision.
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In addition, as shown by a broken line in FIG. 3, there is a
parasitic capacitance between the data lines 14 and the gate
node g in the pixel circuit 110 in practice. For this reason,
when the potential change width of the data line 14 is large,
there is propagation through the capacitance Cprs and so-
called cross-talk, nonuniformity, or the like is generated and
the display quality is deteriorated. The influence of the
capacitance Cprs is remarkably apparent when the pixel cir-
cuit 110 is miniaturized.

In contrast, in the present embodiment, since the potential
change range of the data line 14 is narrowed with respect to
the potential range AV data of the data signal, it is possible to
limit the influence of the capacitance Cprs.

According to the present embodiment, as the period in
which the transistor 125 is turned on, that is, the reset period
of'the OLED 130, since it is possible to ensure a period longer
than the scanning period, for example, two horizontal scan-
ning periods, it is possible to sufficiently initialize the voltage
held in the parasitic capacitance of the OLED 130 in the light
emitting period.

In addition, according to the present embodiment, the cur-
rent Ids supplied to the OLED 130 by the transistor 121
cancels the influence of the threshold voltage. For this reason,
according to the present embodiment, even when the thresh-
old voltage of the transistor 121 is varied in each pixel circuit
110, since these variations are compensated and current
according to the gradation level is supplied to the OLED 130,
the generation of display nonuniformity impairing the unifor-
mity of the display screen can be suppressed and high-quality
display becomes possible.

Description will be given of this cancellation with refer-
ence to FIG. 10. As shown in this diagram, in order to control
the micro current supplied to the OLED 130, transistor 121
operates in a weak inversion region (sub-threshold region).

In the diagram, A and B respectively show the transistor in
which the threshold voltage | Vthl is large and the transistor in
which the threshold voltage IVthl is small. Here, in FIG. 10,
the voltage Vgs between the gate and the source is the differ-
ence between the characteristic shown by the solid line and
the potential Vel. Further, in FIG. 10, the current of the ver-
tical scale is shown by a logarithm in which the direction from
the source to the drain is set to positive (up).

In the compensation period, the gate node g becomes a
potential (Vel-I1Vthl) from the potential Vini. For this reason,
on one hand, for the transistor A in which the threshold
voltage |Vthl is large, the operation point moves from S to Aa,
while for the transistor B in which the threshold voltage | Vthl
is small, the operation point moves from S to Ba.

Next, in a case where the potentials of the data signals to the
pixel circuit 110 to which the two transistors belong are the
same, in other words, in a case where the same gradation level
is specified, the potential shift amount from the operation
points Aa and Ba in the writing period are k1 AV, which is the
same for both. For this reason, for the transistor A, the opera-
tion point moves from Aa to Ab and for the transistor B, the
operation point moves from Ba to Bb; however, the current in
the operation point after the potential shift is matched at
almost the same Ids for both of the transistors A and B.

Second Embodiment

In the first embodiment, a configuration is adopted in
which the data signals are directly supplied to the other ends
of the holding capacitors 44 of each column, that is, to the
node h by the demultiplexer 30. For this reason, in the scan-
ning period of each row, since the writing period is equal to
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the period in which the data signals are supplied from the
control circuit 5, the time constraint is great.

Next, description will be given of a second embodiment in
which it is possible to relax this time constraint. Here, in the
following, in order to avoid repeated description, description
will be given focusing on parts which are different than those
of the first embodiment.

FIG. 11 is a diagram showing a configuration of an electro-
optical device 10 according to the second embodiment.

The point in which the second embodiment shown in the
diagram is different than the first embodiment shown in FIG.
2 is mainly that holding capacitors 41 and transmission gates
42 are provided in each column of the level shift circuit 40.

In detail, the transmission gates 42 in each column are
electrically interposed between the output ends of the trans-
mission gates 34 and the other ends of the holding capacitors
44. That is, the input ends of the transmission gates 42 are
connected to the output ends of the transmission gates 34 and
the output ends of the transmission gates 42 are connected to
the other ends of the holding capacitors 44. For this reason,
the transistor gate 42 functions as a first switch.

Here, the transmission gates 42 of each column are turned
on in unison when the control signal Gepl supplied from the
control circuit 5 is the H level (when the control signal /Gepl
is the L level).

Meanwhile, the transmission gate 34 in the demultiplexer
30 functions as a second switch.

In addition, one end of the storage capacitor 41 in each
column is connected to the output end (input end of the
transmission gate 42) of the transmission gate 34, and the
other end of the storage capacitor 41, for example, is
grounded in common to a fixed potential, for example, a
potential Vss. Although not shown in FIG. 11, the holding
capacitance of the storage capacitor 41 is set to Crf2. Here, the
potential Vss is equivalent to the L level of the scanning signal
and the control signal, which are logic signals.

Operation of Second Embodiment

The operation of the electro-optical device 10 according to
the second embodiment will be described with reference to
FIG. 12. FIG. 12 is a timing chart for illustrating the operation
in the second embodiment.

As shown in the drawings, the point that the scanning
signals Gwr(1) to Gwr(m) are sequentially switched to the L.
level and the scan lines 12 of rows 1 to m are scanned in order
for each horizontal scanning period (H) in a period of one
frame is the same as in the first embodiment. In addition, in
the second embodiment, the point that the scanning period of
the i-th row is made of an initialization period shown by (b),
a compensation period shown by (c¢), and a writing period
shown by (d) is also the same as the first embodiment. Here,
the writing period of (d) in the second embodiment is a period
from the time the control signal Gepl changes from the L to
the H level (when the control signal /Gepl has become the L
level) until the time the scanning signal changes from the L. to
the H level.

In the second embodiment, similarly to the first embodi-
ment, with regard to the chronological order, the cycle of
(light emitting period)—initialization period—compensation
period—writing period—(light emitting period) is repeated.
However, the second embodiment is different to the first
embodiment in the point that the writing period is not equal to
the supply period of the data signal and the supplying of the
data signal precedes the writing period. More specifically, the
second embodiment is different from the first embodiment in
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the point that the data signal can be supplied over the initial-
ization period of (a) and the compensation period of (b).
Light Emitting Period

In the second embodiment, as shown in FIG. 12, the light
emitting period of the i-th row, the scan signal Gwr(i) is the H
level and, furthermore, the control signal Gel(i) is the L level
and the control signals Gemp(i) and Gorst(i) are H level.

For this reason, in the pixel circuit 110 of the i-th row,
(3j-2)th column as shown in FIG. 13, since the transistor 124
is turned on while the transistors 122, 123, and 125 are turned
off, the operation in the pixel circuit 110 is basically the same
as the first embodiment. That is, the transistor 121 supplies
the current Ids according to the voltage Vgs between the gate
and source to the OLED 130.

Initialization Period

When the scanning period of the i-th row is reached, first,
the initialization period of (b) is started.

In the initialization period in the second embodiment, in
contrast to the light emitting period, respective changes are
made such that the control signal Gel(i) becomes the H level
and the control signal Gorst(i) becomes the L level.

For this reason, in the pixel circuit 110 of the i-th row,
(3j-2)th column as shown in FIG. 14, the transistor 124 is
turned off and the transistor 125 is turned on. In this manner,
since the route of the current supplied to the OLED 130 is
interrupted and the anode of the OLED 130 is reset to the
potential Vorst by the turning on of the transistor 124, the
operation in the pixel circuit 110 is basically the same as the
first embodiment.

Meanwhile, in the initialization period in the second
embodiment, the control signal /Gini becomes the L level, the
control signal Gref becomes the H level, and the control
signal Gepl becomes the L level. For this reason, in the level
shift circuit 40, the transistors 45 and 43 are respectively
turned on as shown in FIG. 14 and the transmission gate 42 is
turned off. Accordingly, the data line 14 which is one end of
the storage capacitor 44 and the node h which is the other end
of the storage capacitor 44 are respectively initialized at a
potential Vini and a potential Vref.

In the second embodiment, similarly to the first embodi-
ment, the potential Vrefis set to a value such that the potential
of'the node h in the following writing period is increased with
respect to the potential obtainable by the data signals Vd(1) to
Vd(n).

As described above, the control circuit 5 in the second
embodiment supplies the data signals over the initialization
period and the compensation period. In other words, the con-
trol circuit 5 sequentially switches the data signal Vd(j) to the
potential according to the gradation level of the pixels of the
i-th row, (3j-2)th column, the i-th row, (3j-1)th column, and
the i-th row (3j) column in the j-numbered group and, while
doing so, sets the control signals Sel(1), Sel(2), and Sel(3) in
order exclusively to the H level in combination with the
switching of the potential of the data signal. In this manner, in
the demultiplexer 30, the transmission gates 34 are turned on
in order of the left end column, the center column, and the
right end column respectively in each group.

Here, in the initialization period, when the transmission
gate 34 of the left end column belonging to the j-numbered
group is turned on by the control signals Sel(1), as shown in
FIG. 14, since the data signal Vd(j) is supplied to one end of
the storage capacitor 41, the data signal is held by the storage
capacitor 41.

Compensation Period

The compensation period of (¢) is next in the scanning
period of the i-th row. In the compensation period in the
second embodiment, in contrast to the initialization period,
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respective changes are made such that the control signal Gwr
(1) becomes the L level and the control signal Gemp(i)
becomes the L level.

For this reason, while the transistor 122 is turned on in the
pixel circuit 110 of the i-th row, (3j-2)th column as shown in
FIG. 15 and the gate node g is electrically connected to the
data line 14, the transistor 121 becomes “diode-connected”
due to the turning on of the transistor 123.

Accordingly, since the current flows in a path of the feed
line 116—stransistor 121-—»transistor = 123-—stransistor
122—data line 14 of (3j-2)th column, the gate node g
increases from the potential Vini and, after a short time, is
saturated at (Vel-IVthl). Accordingly, in the second embodi-
ment, the storage capacitor 132 holds the threshold voltage
IVthl of the transistor 121 until the compensation period is
finished.

In the second embodiment, in the compensation period,
since the control signal /Gini becomes the H level in a state
where the control signal Grefis maintained at the H level, the
node hin the level shift circuit 40 is fixed at the potential Vref.

Further, in the compensation period, when the transmis-
sion gate 34 of the left end column belonging to the j-num-
bered group is turned on by the control signals Sel(1), as
shown in FIG. 15, the data signal Vd(j) is held by the storage
capacitor 41.

Here, when the transmission gate 34 of the left end column
belonging to the j-numbered group is already turned on by the
control signals Sel(1) in the initialization period, the trans-
mission gate 34 is not turned on in the compensation period;
however, there is no change in the point that the data signal
Vd(j) is held by the storage capacitor 41.

Further, since the control signal Gemp(i) is the H level
when the compensation period is finished, the diode-connec-
tion of the transistor 121 is ended.

In the second embodiment, since the control signal Gref
becomes the L level in the time from the finishing of the
compensation period to the start of the next writing period,
the transistor 43 is turned off. For this reason, the route
leading up to the gate node g in the pixel circuit 110 of the i-th
row, (3j-2)th column from the data line 14 of the (3j-2)th
column is in a floating state; however, the potential in the
route is maintained at (Vel-I1Vthl) by the holding capacitors
50 and 132.

Writing Period

Inthe writing period in the second embodiment, the control
signal Gepl becomes the L level (the control signal /Gepl
becomes the L level). For this reason, as shown in FIG. 16,
since the transmission gate 42 is turned on in the level shift
circuit 40, the data signal held in the storage capacitor 41 is
supplied to the node h which is the other end of the storage
capacitor 44. For this reason, the node h shifts from the
potential Vref in the compensation period. That is, the node h
changes to the potential (Vref+AV).

Meanwhile, since the gate node g is connected to one end
of the storage capacitor 44 through the data line 14, it
becomes a value shifted in an increasing direction from the
potential (Vel-1Vthl) in the compensation period by a value in
which the capacitance ratio k2 is multiplied by the potential
change amount AV of the node h. That is, the potential of the
gate node g becomes a value (Vel-IVthl+k2 AV) shifted in an
increasing direction from the potential (Vel-IVthl) in the
compensation period by a value in which the capacitance ratio
k2 is multiplied by the potential change amount AV of the
node h.
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Here, inthe second embodiment, the capacitance ratiok2 is
the capacitance ratio of Cdt, Crfl, and Crf2. As described
above, the capacitance Cpix of the storage capacitor 132 has
been ignored.

Further, at this time, when expressed as an absolute value
by the voltage Vgs of the transistor 121, it becomes a value
(IVthl-k2 AV) in which the shift amount of the increase in the
potential of the gate node g is subtracted from the threshold
voltage IVthl.

Light Emitting Period

In the second embodiment, after the writing period of the
i-th row finishes, there is an interval of one horizontal scan-
ning period leading to the light emitting period. In the light
emitting period, since the control signal Gel(i) becomes the L.
level as described above, in the pixel circuit 110 of the i-th
row, (3j—2)th column, the transistor 124 is turned on.

The voltage Vgs between the gate and the source is (IVthl-
k2 AV) and is a value level-shifted from the threshold voltage
of the transistor 121 according to the potential of the data
signal. For this reason, as shown in FIG. 13, a current accord-
ing to the gradation level will be supplied to the OLED 130 in
a state where the threshold voltage of the transistor 121 is
compensated.

These kinds of operations are chronologically performed
in parallel even in other pixel circuits 110 of the i-th row other
than the pixel circuit 110 of the (3j-2)th column in the scan-
ning period of the i-th row. In addition, this operation of the
i-throw is performed inorderofthe 1,2,3, ..., (m-1), mrows
in the period of one frame in practice and this is repeated for
each frame.

According to the second embodiment, similar to the first
embodiment, even in a case where a micro current flowing to
the OLED 130 with respect to the voltage Vgs between the
gate and the source of the transistor 121 in the miniaturized
pixel circuit 110 is changed to a relatively large extent, it is
possible to control the current supplied to the OLED 130 with
fine precision.

According to the second embodiment, similar to the first
embodiment, as well as being able to sufficiently initialize the
voltage held by the parasitic capacitance of the OLED 130 in
the light emitting period, the generation of display nonuni-
formity impairing the uniformity of the display screen can be
suppressed even when the threshold voltage of the transistor
121 is varied in each pixel circuit 110, and, as a result, high-
quality display becomes possible.

According to the second embodiment, the operation of
holding the data signal supplied through the demultiplexer 30
from the control circuit 5 in the storage capacitor 41 is per-
formed from the initialization period to the compensation
period. For this reason, it is possible to relax the time con-
straints on the operation to be performed in one horizontal
scanning period.

For example, since the current flowing in the transistor 121
decreases as the voltage Vgs between the gate and the source
in the compensation period approaches the threshold voltage,
time is needed for the gate nodes g to converge at the potential
(Vel-1Vthl); however, in the second embodiment, it is pos-
sible to ensure a long compensation period as shown in FIG.
12 in comparison with the first embodiment. For this reason,
according to the second embodiment, in comparison with the
first embodiment, it is possible to compensate for the varia-
tion of the threshold voltage of transistor 121 with fine pre-
cision.

In addition, it is possible to slow down the supply operation
of the data signals.

Application and Modification Examples

The invention is not limited to the embodiments described
above or the embodiments and the like of application
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examples, and, for example, various kinds of modifications as
described below are possible. In addition, the forms of the
modifications described below can be arbitrarily selected or a
plurality thereof can be combined.

Control Circuit

In the embodiments, the control circuit 5 for supplying a
data signal is separate from the electro-optical device 10;
however, the control circuit 5 may be integrated into the
silicon substrate along with the scanning line driving circuit
20, the demultiplexer 30, and the level shift circuit 40.
Substrate

In the embodiments, a configuration was adopted in which
the electro-optical device 10 was integrated with a silicon
substrate; however, a configuration of being integrated with
another silicon substrate may be adopted. Further, the form-
ing may be made in a glass substrate or the like by the
application of a polysilicon process. In any case, a configu-
ration in which the pixel circuit 110 is miniaturized and the
drain current is exponentially large with respect to changes in
gate voltage Vgs in the transistor 121 is effective.

Control Signal Gemp(i)

In the embodiments and the like, in the i-th row, the control
signal Gemp(i) was set to the H level in the writing period;
however, it may be set to the L level. In other words, a
configuration may be adopted in which the threshold com-
pensation and the writing to the node gate g are performed in
parallel by turning on the transistor 123.

Demultiplexer

In these embodiments, a configuration was adopted in
which the data lines 14 are grouped every three columns, the
data lines 14 are selected in order in each group, and the data
signals are supplied; however, the number of data lines con-
figuring a group may be “2”, or may be “4” or more.

In addition, a configuration may be adopted in which
grouping is not performed, that is, in which the data signals
are supplied in unison line-sequentially to the data lines 14 of
each column without using the demultiplexer 30.

Channel Type of Transistor

In the embodiments such as those described above, the
transistors 121 to 125 in the pixel circuit 110 were standard-
ized as P-channel type; however, they may be standardized as
N-channel type. Further, the P-channel type and N-channel
type may be suitably combined.

Other

In embodiments such as these, an OLED, which is a light
emitting element was exemplified as an electro-optical ele-
ment; however, for example, it is sufficient if light is emitted
with a luminance corresponding to the current, such as by an
inorganic light emitting diode or an LED (Light Emitting
Diode).

Electronic Apparatus

Next, description will be given of the electronic apparatus
in which the electro-optical device 10 according to the
embodiments and application examples is applied. The elec-
tro-optical device 10 is designed for use in high-definition
displays with small-size pixels. Therefore, description will be
given with a head-mounted display as an example of the
electronic apparatus.

FIG. 17 is a diagram showing the external appearance of a
head mounted display and FIG. 18 is a diagram showing the
optical configuration thereof.

First, as shown in FIG. 17, the head mounted display 300 is
similar to normal glasses in terms of external appearance and
has atemple 310, a bridge 320, and lenses 3011 and 301R. In
addition, as shown in FIG. 18, the head mounted display 300
is provided with an electro-optical device 10L for the left eye
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and an electro-optical device 10R for the right eye behind
(lower part of the diagram) the lenses 301L. and 301R in the
vicinity of the bridge 320.

The image display surface of the electro-optical device 10L
is arranged so as to be on the left side in FIG. 18. In this
manner, the display image according to the electro-optical
device 10L is output in the 9 o’clock direction in the diagram
through the optical lens 302L. The half mirror 303L reflects
the display image according to the electro-optical device 101,
in the 6 o’clock direction while allowing light incident from
the 12 o’clock direction to pass therethrough.

The image display surface of the electro-optical device
10R is arranged so as to be on the right side opposite to the
electro-optical device 10L. In this manner, the display image
according to the electro-optical device 10R is output in the 3
o’clock direction in the diagram through the optical lens
302R. The half mirror 303R reflects the display image
according to the electro-optical device 10R in the 6 o’clock
direction while allowing light incident from the 12 o’clock
direction to pass therethrough.

In this configuration, the wearer of the head mounted dis-
play 300 can observe the display images according to the
electro-optical devices 10L. and 10R in a see-through state
superimposed and combined with the situation outside.

In addition, in the head mounted display 300, when, in the
two parallax images for both eyes, the left eye image is
displayed by the electro-optical device 101 and the right eye
image is displayed by the electro-optical device 10R, the
displayed image can be perceived by the wearer as though
having a sense of depth or three-dimensionality (3D display).

Here, in addition to the head mounted display 300, it is also
possible to apply the electro-optical device 10 to an electronic
type view finder in a video camera, an interchangeable lens-
type digital camera, or the like.

What is claimed is:

1. An electro-optical device comprising:

a scanning line;

a first data line;

a power source;

a feed line provided along the first data line and feeding a

predetermined potential;

a first pixel circuit that are provided at a position corre-
sponding to an intersection of the scanning line and the
first data line; and

a driving circuit that drives the first pixel circuit, wherein
the first pixel circuit includes:

a first transistor that has a first gate, a first drain, and a
first source;

an electro-optical element;

a second transistor through which the first data line is
electrically connected to the first gate during the sec-
ond transistor is in an on-state, the second transistor
having a second gate, a second drain, and a second
source; and

athird transistor that has a third gate, a third drain, and a
third source and through which the first gate is elec-
trically connected to the first drain or the first source,

the first transistor controlling an electrical connection
between the power source and the electro-optical ele-
ment through the first transistor, the driving circuit
including:

a first storage capacitor that has a first electrode and a
second electrode; and

a second storage capacitor that has a third electrode and
a fourth electrode,

the second storage capacitor holding a potential of the
first data line,
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the second electrode and the third electrode being electri-
cally connected to the first data line,

the second storage capacitor being formed between the first
data line and the feed line, and

capacitance of the second storage capacitor being larger
than capacitance of the first storage capacitor.

2. The electro-optical device according to claim 1,

the first electrode being configured such that a voltage of
the first electrode is set to a first voltage during at least a
part of a first period in which the second transistor and
the third transistor are in an on-state.

3. The electro-optical device according to claim 2,

the first electrode being configured such that a voltage of
the first electrode is set to a second voltage according to
agray-scale level during at least a part of a second period
after the first period.

4. The electro-optical device according to claim 3, the

driving circuit further including a third storage capacitor and
a first switch,

the driving circuit being configured such that:

the third storage capacitor holds the second voltage before
the second period, and

the first electrode is electrically connected to the third
storage capacitor through the first switch during at least
a part of the second period.

5. An electronic apparatus including the electro-optical

device according to claim 4.

6. The electro-optical device according to claim 3, the

driving circuit further including a third storage capacitor and
a first switch,

the driving circuit being configured such that:

the third storage capacitor holds the second voltage during
at least a part of the first period and a third period before
the first period, and

the first electrode is electrically connected to the third
storage capacitor through the first switch during at least
a part of the second period.

7. The electro-optical device according to claim 3, further

including:

a second data line, and
a second pixel circuit that are provided at a position corre-
sponding to an intersection of the scanning line and the
second data line, the driving circuit further including:
a third storage capacitor;
a first switch;
a fourth storage capacitor that has a fifth electrode and a
sixth electrode;
a fifth storage capacitor that has a seventh electrode and
a eighth electrode, the fifth storage capacitor holding
a potential of the one data line;
a sixth storage capacitor;
a second switch;
a third switch having a first input end; and
a fourth switch having a second input end connected to
the first input end,
the sixth electrode and the seventh electrode being electri-
cally connected to the second data line,
the driving circuit being configured such that:
the third storage capacitor holds the second voltage sup-
plied through the third switch before the second period;
the sixth storage capacitor holds a third voltage supplied
through the fourth switch before the second period;
the first electrode is electrically connected to the third
storage capacitor through the first switch during at least
a part of the second period; and
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the fifth electrode is electrically connected to the sixth
storage capacitor through the second switch during at
least a part of the second period.

8. The electro-optical device according to claim 7,

the driving circuit being configured such that:

the third switch is turned on during a period different from
a period which the fourth switch is turned on;

the first switch and the second switch are turned on simul-
taneously.

9. The electro-optical device according to claim 3,

the driving circuit being configured such that:

the second transistor is turned on in the second period; and

the third transistor is turned off in the second period.

10. The electro-optical device according to claim 3,

the second electrode being configured such that a voltage
of'the second electrode is set to a fourth voltage during at
least a part of a third period before the first period.

11. An electronic apparatus including the electro-optical

device according to claim 3.
12. An electronic apparatus including the electro-optical
device according to claim 2.

13. The electro-optical device according to claim 1,

wherein

the first pixel circuit includes a fourth transistor through
which the feed line is electrically connected to one elec-
trode of the light emitting element.

14. The electro-optical device according to claim 13,

wherein

the fourth electrode end of the second storage capacitor is
connected to the feed line.

15. The electro-optical device according to claim 1,

the electro-optical device being configured such that:

afirst voltage is supplied to the first electrode through a first
switching element included in the driving circuit during
atleastapart ofa first period and a third period before the
first period;

a fourth voltage is supplied to the second electrode through
a second switching element included in the driving cir-
cuit during at least a part of the third period; and

a voltage of the first electrode is set to a second voltage
according to a gray-scale level during at least a part of'a
second period in which the first switching element and
the second switching element are in an off-state.

16. The electro-optical device according to claim 15,

the electro-optical device being configured such that:

a threshold voltage of the first transistor is compensated
during the first period in which the voltage of the second
electrode shifts from the fourth voltage to a fifth voltage.
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17. The electro-optical device according to claim 1,
wherein
the first pixel circuit includes a fifth transistor having one
end connected to one of the first drain and the first
source, another end connected to one electrode of the
light emitting element.
18. An electronic apparatus including the electro-optical
device according to claim 1.
19. A driving method of an electro-optical device, the elec-

o tro-optical device including:
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a scanning line;

a first data line;

a power source;

a first pixel circuit that are provided at a position corre-
sponding to an intersection of the scanning line and the
first data line; and

a driving circuit that drives the first pixel circuit, wherein
the first pixel circuit includes:

a first transistor that has a first gate, a first drain, and a
first source;

an electro-optical element;

a second transistor through which the first data line is
electrically connected to the first gate during the sec-
ond transistor is in an on-state, the second transistor
having a second gate, a second drain, and a second
source; and

athird transistor that has a third gate, a third drain, and a
third source and through which the first gate is elec-
trically connected to the first drain or the first source,
the driving circuit including:

a first storage capacitor that has a first electrode and a
second electrode electrically connected to the first
data line; and

a second storage capacitor that has a third electrode
electrically connected to the first data line and a fourth
electrode, the driving method comprising:

setting a voltage of the first electrode to a first voltage
during at least a part of a first period in which the second
transistor and the third transistor are in an on-state;

setting a voltage of the first electrode to a second voltage
according to a gray-scale level during at least a part of'a
second period after the first period; and

controlling an electrical connection between the power
source and the electro-optical element through the first
transistor, wherein

the second storage capacitor is formed between the first
data line and the feed line, and

capacitance of the second storage capacitor is larger than
capacitance of the first storage capacitor.
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